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Preface 
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Dr. Paul Herget, Cincinnati Observatory 
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Dr. Roger Broucke, Jet Propulsion Laboratory 
Dr. J. Derral Mulholland, Jet Propulsion Laboratory 
Dr. Douglas A. OHandley, Jet Propulsion Laboratory 
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Foreword 
The card formats described herein are the result of considerable experience in 
the handling of current data sets. As new data are obtained, it may be necessary 
to alter a data field or add a code. When such an alteration or addition becomes 
necessary, a letter to the author of this report would be appreciated. Appropriate 
communications will then be originated to obtain a fast resolution of the problem. 
Because a large quantity of data has already been incorporated in these formats, 
altering of a format becomes a serious matter that should be considered by the 
Ephemeris Working Group. 
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Abstract 
The Ephemeris Working Group grew out of informal discussions by users and 
producers of optical and radar observations of the moon and planets. Its first 
meeting was held in February 1967 at the Naval Weapons Laboratory. Subsequent 
meetings were held in May 1967 at the U.S. Naval Observatory, in November 1967 
at the U.S. Naval Observatory, in January 1968 at the Jet Propulsion Labora- 
tory, in April 1968 at the Naval Weapons Laboratory, and in June 1968 at the 
US. Naval Observatory. These meetings have provided a useful opportunity for 
the exchange of ideas on such problems as the analysis and interpretation of 
observations, the discussion of methods, and the presentation of results. One of the 
results of the discussions of the Ephemeris Working Group was the desirability of 
a common format for all observational data in machine-readable form. The follow- 
ing report delineates the card formats to be used in the exchange of data. 
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Card Format for Optical and Radar 
Planetary Data 
1. Introduction 
The observations of the bodies in the solar system both 
by optical and radar techniques have been collected by 
the various agencies. Because of the number of observa- 
tions and the varied formats in which the data have been 
collected, it is necessary to provide a single card format 
which allows insertion of the maximum amount of infor- 
mation. The following discussion is an attempt to provide 
a single card format. 
In this report, an attempt is made to provide a format 
for optical data that will be uniform from 1750 to the 
present. A separate format is provided for some of the 
data reconstructed from equations of condition. The card 
format for planetary range data represents a further 
attempt to originate a uniform data card for future use. 
This also includes the possibility of receiving radar echoes 
from Pluto and other types of radar data. 
The list of observatories covered by the codes adopted 
for the data cards is perhaps not as complete as it could 
be. However, this document, being a preliminary guide- 
line, is felt to be as comprehensive as need be for present 
purposes. Additional sources of information will undoubt- 
edly expand the list of radar observatories. The ultimate 
goal of the Ephemeris Working Group is to assign unique 
codes to all enties in the data cards in conformity (where 
possible) with international usage. Once assigned, these 
codes will be permanent. Other codes will be added only 
after consideration by the Ephemeris Working Group. 
This report is sectioned according to the type of obser- 
vation and then the column-by-column codes. The data 
card formats are shown in the Appendix. 
II. Optical Card 
An optical data card is shown in the Appendix (Fig. 
A-1). The optical data card displays the following infor- 
mation. 
A. Planet Number-Columns 1 Through 4 










Poll  Moon 
'P = planet. 
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Although the moon is not a planet, the code 11 has been 
commonly used to designate it and, therefore, this practice 
will be continued. The four columns allow enough space 
to include International Astronomical Union (IAU) aster- 
oid designations and, with the proper prefix, can also 
designate natural and artificial satellites. 
B. Julian Date-Columns 5 Through 21 
The data listed in columns 5 through 21 represent the 
published time tags to be attached to the optical observa- 
tions. The data are not corrected to ephemeris time. It 
should be noted that the decimal point is implied between 
columns 11 and 12. To conserve space for necessary infor- 















































Cape, South Africa 



































h m  s 
-02 51 18.08 
-00 12 08.53 
-05 07 49.76 
-00 45 01.30 
-01 34 52.06 
-00 08 30.20 
-01 22 03.20 
4-08 09 02.91 
-00 53 34.80 
-00 23 57.42 
-01 44 57 
-00 28 23.18 
+OO 02 06.60 
-4-04 18 11.20 
-01 44 23.20 
-01 15 54.00 
f04 44 31.05 
-01 13 54.38 
f04 44 38 
4-05 37 41.40 
-00 50 18.69 
4-04 16 47.16 
-01 19 50.30 
These values are the epoch of observation in most in- 
stances except for transit circle observations from the 
U.S. Naval Observatory. In this case, the decimal portion 
should be derived from consideration of the right ascen- 
sion of the object. 
6. Observatory Codes-Columns 22 Through 24 
of information obtained from various sources.2 
The observatories listed in Table 1 represent a merging 
‘Information obtained from the “Minor Planet Circulars,” Cincinnati 
Observatory, and Table 111 of ‘<The Astronomical Papers of the 
American Ephemeris,” Vol. XX, Part 3. 
Table 1. List of observatories 
latitude 
0 I I ,  
+41 45 18.2 
4-36 48 04.8 
$43 1 1  16.9 
4-43 45 14.4 
4-37 58 19.7 
+41 24 59.3 
+44 48 13.2 
4-37 52 23.5 
f52 30 16.7 
4-47 14 59.8 
-29 05 45 
+50 43 45.0 
4-44 50 07 
-31 35 53 
4-44 24 49.4 
+47 29 58.0 
4-42 22 47.6 
-33 56 02.5 
-32 59 00 
4-39 08 19.8 
4-55 41 12.6 
-31 25 16.4 



















































































h m  s 
f05 17 41.3 
4-00 06 19.75 
-00 27 02.69 
-03 15 15.74 
4-07 27 02.1 
-00 24 36.61 
$05 45 34.86 
00 00 00.00 
-00 40 57.74 
-00 34 53.13 
-05 13 48.98 
-01 55 52 
-00 46 20.22 
-01 51 30.44 
-01 52 07.00 
-00 33 32.51 
-03 16 29.03 
-02 02 00.56 
-04 27 31.7 
-01 21 58.97 
-00 56 31.58 
-09 03 10.40 
4-03 51 43.72 
latitude 
0 I I #  
4-43 51 46 
4-54 46 06.2 
f51 12 25.0 
4-55 50 20.2 
4-35 1 1  28.0 
f46 1 1  59.3 
4-39 32 57.7 
f51 28 38.2 
4-53 28 46.9 
4-49 23 55.2 
3-17 25 54.3 
4-41 00 45 
4-50 55 34.9 
-25 46 22.4 
-26 1 1  14.0 
4-49 01 26.6 
4-55 47 23.9 
4-50 27 11.8 
4-39 08 01.7 
4-54 42 50.5 
$48 03 23.1 
4-34 59 40.8 
-34 54 30.3 
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h m  s 
-00 17 56.15 
-00 49 33.92 
4-08 06 34.93 
4-07 26 44.6 
-00 52 44.97 
-00 19 08.52 
f 0 6  56 05.34 
f 0 0  14 45.10 
-00 21 34.55 
-00 36 45.89 
+OO 00 57.77 
-02 30 16.95 
-09 56 01.35 
f 0 7  52 14.33 
-00 46 26.02 
-07 55 17.02 
-00 27 49.79 
-00 29 12.10 
-02 03 01.98 
f 0 5  02 51.95 
-00 47 29.15 
-00 53 25.87 
4-07 47 27.36 
-00 09 20.91 
-00 55 23.07 
-01 07 30.78 
-01 52 54.9 
-02 01 18.57 
-00 49 48.55 
-00 49 55.12 
latitude 
0 , I ,  
4-52 09 19.8 
4-51 20 05.9 
4-31 20 25.3 
4-35 12 30.5 
4-55 41 51.6 
f 4 5  41 41.0 
4-30 40 17.7 
4-40 24 30.0 
+43 18 16.3 
4-45 27 59.2 
f 5 1  36 46.3 
+55 45 19.8 
-35 19 16.0 
$34 12 59.5 
f 4 8  08 45.5 
4-32 03 59.9 
+46 59 50.6 
+43 43 17.0 
4-46 28 37.5 
+45 23 38.1 
4-45 24 01.3 
4-38 06 43.6 
f 3 3  21 22.4 
4-48 50 11.0 
f 4 4  51 48.6 
f 5 2  23 54.3 
-25 47 18 
4-59 46 18.5 
f 4 1  55 19.2 



























































































































f 0 0  24 49.30 
4-04 42 45.09 
-08 04 44.75 
-02 15 59.38 
-01 20 58.8 
-00 44 46.19 
-01 13 14 
-00 36 47.39 
-10 04 49.19 
-01 46 53.18 
-04 37 10.47 
-00 54 56 
-09 18 10.10 
f 0 5  17 35.60 
-00 05 51.00 
-00 55 05.23 
-07 22 52 
-00 31 05.95 
-01 28 55.03 
-00 17 25.97 
4-05 08 15.78 
-00 20 31.01 
-00 50 36.33 
-01 05 31.61 
-01 05 21.35 
-01 24 07.26 
+05 08 12.15 
f 0 5  54 13.24 
-01 41 08.76 
-00 39 44.71 
4-54 51 40.58 
-01 52 07.0 
latitude 
-36 27 42.0 
-33 33 44.2 
4-31 05 47.6 
+44 24 11.6 
f 4 9  11 20.0 
4-50 22 41.4 
f 5 9  16 18 
f 4 8  47 00.7 
-35 51 41.1 
f 5 8  22 47.2 
4-41 19 30.4 
f 4 2  39 27 
4-35 40 21.4 
+43 40 00.8 
4-43 36 44.1 
+45 38 35.5 
4-32 24 
f 4 5  02 16.3 
f 6 0  27 08.7 
+50 47 55.0 
+38 55 14.0 
f 5 2  05 09.6 
+41 44 47.4 
f 4 8  12 35.5 
+48 13 55.1 
4-52 13 04.6 
4-38 53 38.7 
+42 34 12.6 
+54 40 59.1 
+49 47 27.6 
4-41 19 22.3 
-26 11 14.0 
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Dr. Paul Herget of the Cincinnati Observatory is re- 
sponsible for the codes (numbers) that are used to desig- 
nate the various observatories. These code numbers will 
allow the interchange of data with other organizations 
adhering to the IAU. 
This list is not complete; the number code is missing in 
some instances; and the altitude, longitude, and latitude 
are missing in others. Since these observatories are not 
used at present, the missing quantities will be added in a 
later revision of this report. 
D. Instrument-Column 25 
This column is used to designate the instrument used. 
In many cases, there have been two locations of the same 
observatory. This column will be used to provide the 
designation of the separate locations. 
At present, only two codes are used. The data from the 
Six-Inch Transit Circle and the Nine-Inch Transit Circle 
of the U.S. Naval Observatory (USNO) have been given 


























A b  
AG Wash 00 
AG Wash 00 
AG 
AG W-Ott 00 
AG Leip I I 75 
AG Alb 75 
AG Strass 00 

























E. Catalogue Code-Columns 26 Through 28 
The codes presented in Table 2 will designate the cata- 
logues used for 
observations were 
There are two series of codes: (1) numbers 1 through 
105 indicate work performed at the USNO, and (2) num- 
bers 901 through 974 are formed by prefixing the Smith- 
sonian Astrophysical Observatory Catalog tape codes with 
a 900. The numbers 990 through 994 were added by T.C. 
Van Flandern. 
F. Observation Parameters-Columns 29 Through 33 
and 50 
























Cot. of 14263 
stars 
Cat. of 13532 
stars 
Cat. of 9997 
stars 
-14Oto -18" 
-14" to -18" 
-6' to - 10" 
+ 10" to +5" 
+5" t0+1°  
-2'to -6" 
+1"ta-2°  
Asi. Nach. No. 

























AG Berl A 75 









































+20" to +15' 
4- 25O to + 20" 
+ 10" to + 18" 
4- 25' to +30" 
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9 Y  
H.C. 
Hyderabad 
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21 12  small stars 
f 5 "  to f 10" 










- 15' to -k 15' 













































































































































00 to +lo' 






-0" to - 1 "  
5345 stars 
Meridian 






4-55" io +65O 
7443 stars 
J P l  TECHNICAL REPORT 32-1296 5 























































































12 I I  
13 I 



































85" to 80" 
80" to 75" 
75" to 70" 
70" to 65" 
65' to 60" 
50" to 45" 
45O to 40" 
40° to 35" 
35" to 30" 
10" to 14" 
14O to 18" 
18" to 20" 
20" to 22" 
27" to 30" 
22" to 27' 
6" to 10" 
-2" to -6" 
20" to 15" 
15O to 10" 
5" to 1" 
t 1 "  to -2 "  
90 to 5" 
100 to 90 
It  should be noted that these codes are coordinated 
with the codes on the radar data card. The numbers 4 and 
5 are reserved for use on the radar cards. 
Column 30 lists observers from 1866 through 1967. The 
codes in Table 3 are used to designate the observers for 
observations made with the Six-Inch Transit Circle and 
Nine-Inch Transit Circle from 1866 through 1967. It should 
be noted that the 1967 codes became alphabetical, in 
agreement with codes already used in USNO cards. 
Column 31 is used for clamp designation. Table 4 lists 
the volumes and source code.3 A compilation of the vari- 
ous codes, which have been used to refer to the positions 
of the clamp, has been made. 
For source code 7, the meaning is not ambiguous as to 
position of the clamp. For source code 8, the introduction 
to the volume was not available and, therefore, the mean- 
31nformal set of explanatory notes by Dr. C. Oestenvinter, NWL, 












































Yale 26 I 






































30" to 25O 
25" to 20" 
89" ta 85" 
55' to 50" 
60" to 55O 
30" to 35" 
35" to 40" 
52' to 56' 
56' to 64' 





ing of the designation was assumed, based upon similar 
designations. 
In source codes 9 and 0, the designations 1 and 2 are 
equivalent to: 
1 = West 
2 = East 
For these sources, the General Planetary Format (GPF) 
code is the same: 
1 = West 
2 = East 
Source code 6 has a different designation. It means that 
the clamp is east (E) or west (W) and the additional I or 
I1 refers to the position of the instrument. 
The decision to give GPF codes of 3 through 6 to these 
designations is arbitrary. It allows the peculiarity of this 
set of observations to be noted. 
6 JPL TECHNICAL REPORT 32-7296 






















































J. R. Eostman 
E. S. Holden 
E. Frisby 




A. N. Skinner 
A. N. Skinner 
H. M. Paul 
H. S. Pritchett 
M. Rock 
W. C. Winlock 
A. Hall, Jr. 
E. A. Boeger 
W. M. Brown 
W. S. Eichelberger 
J. C. Hammond 
W. S. Harshmon 
T. I. King 
G. K. Lawton 
F. B. Littell 
H. 1. Rice 
A. N. Skinner 
M. Updegraff 
E. I. Yowell 
M. Updegraff 
F. B. Littell 
J. C. Hammond 
M. Frederickson 
E. D. Tillyer 
R. M. Packard 
D. Rines 
C. D. Wylie 
R. Aston 
H. R. Morgan 
J. Pawling 
1.8. Eppes 
1. P. Steele 
P. Sollenberger 
H. E. Burton 
G. M. Roynsford 































1909-1 91 0 
1910-1911 
191 1-1 91 8 




19 13-1 91 8 
1914-1915 
191 3-1 926 
191 3-1 926 
1913-1914 
191 4-191 7 






















































































































































































J. C. Hammond 
C. B. Watts 
W. C. Myers 
J. D. Wise 
J. E. Willis 
G. C. Whittaker 
U. 5. Lyons 
A. H. Hadfield 
8. P. Sharpless 
A. N. Adams 
N. C. Seewald 
A. H. Mikesell 
J. W. Kitchens 
R. E. Strickler 
R. 1. Duncombe 
S. M. Bestul 
A. N. Adams 
F. P. Scott 
J. Steinheider 
A. H. Mikesell 
C. B. Watts 
G. C. Whittaker 
B. P. Sharpless 
D. S. Goalwin 
J. K. Gleim 
J. W. Kitchens 
R. E. Strickler 
5. M. Bestul 
A. D. Allen 
A. N. Adoms 
F. P. Scott 
J. 1. Schombert 
N. E. Hanson 
R. W. Rhynsburger 
C. 8. Watts 
J. K. Gleim 
J. W. Kitchens 
W. T. Toland 
S. M. Bestul 
A. D. Allen 
A. N. Adam 
D. K. Scott 
M. S. Kalish 
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Table 3 
Source code 
6 see below 
6 = Venus 
7 = Mercury, 
Jupiter 
7 = Saturn, 
Uranus, 
Neptune 
8 = sun 



























1 to5  




G. E. Pease 
F. E. Followill 
F. S. Gauss 









F. S. Gauss 
W. T. Toland 
S. M. Bestul 
B. 1. Kiock 
A. N. Adam 
D. K. Scott 
M. S. Kalish 
R. W. Rhynsburger 









F. S. Gauss 
W. T. Toland 
S. M. Bestul 
B. 1. Klock 
A. N. Adam 
D. K. Scott 
R. W. Milkey 
R. W. Rhynsburger 
G. E. Pease 
P. D. Hernenway 
Observed 








































































































W. A. Toland 19661967 6in. USNO T 
H. S. Liszt 19661967 6in. USNO W 
M. A. Seeds 19661967 6in. USNO X 
T. E. Corbin 19661967 6in. USNO Y 
F. J.  Giovane 19661967 6in. USNO Z 
Table 4. Clamp designation for Six-Inch Transit Circle 
B E  = Earl 
w = West 
Circle designations are presented in column 32; 
RALIMB designations in column 33; DELIMB in col- 
umn 50 (see Table 5). Observations of the sun, Mercury, 
and Venus for the years 1911 through 1918 are found in 
source code 6. The current method of circle and limb 
designations was not used. The codes WI, WII, E1 and 
E11 are listed under instruments. This code has been 
translated into GPF code for clamp designation. In the 
case of RALIMB and DELIMB, the codes I, 11, and * are 
Table 5. limb codes for meridian observatories 
Volume 
X I  
X l l l  
XV, Part V 
XVI, Part I 
XVI, Part Ill 




RALIMB DELIMB =I= 
1, 11,' I N,S 
I 
used for Venus. The code I is designated for the preceding 
limb; I1 is designated for the following limb; and * means 
center of the portion of illuminated disk, adjacent to the 
bright limb, observed in right ascension. 
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The GPF codes are as follows: 
Clamp west; preceding limb; north limb 
Clamp east; following limb; south limb 
Center (of the disk of a planet) 
These codes are equivalent to the same numbering sys- 
tem used throughout the publications of the USNO. 
Additional designations are equivalent as follows : 
GPF Code 
N (N)orth limb 
C (C)enter 
If the number (1-2) or (1-11) is used together in a limb 
code, the GPF code is 4. 
For the codes designating the circle, the numbers are 
identical for both the USNO and GPF codes except for 
source code 9 (Ref. l) ,  where the circle position 10 will be 
designated as A. 
G. Right Ascension-Columns 34 Through 42 
The right ascension is recorded in hours, minutes, and 
seconds. Two columns for hours and two columns for 
minutes are provided along with five columns for seconds 
and decimals of a second. The decimal point is implied 
between the second and third columns. 
The values placed on the card are exactly as found 
in the respective publications listed in Refs. 1 through 10. 
H. Equinox-Columns 43 and 60 
The following information is listed in columns 43 
and 60: 
0 = true equator and equinox of date 
1 = mean equator and equinox of beginning of year 
2 = mean equator and equinox of beginning of next year 
3 = mean equator and equinox of 1950.0 
4 = mean equator and equinox of 1925.0 
5 = mean equator and equinox of 1900.0 
6 = mean equator and equinox of 1875.0 
7 = mean equator and equinox of 1850.0 
8 = mean equator and equinox of 1800.0 
9 = mean equator and equinox of 1750.0 
Codes A through Z will designate additional equinoxes, as 
necessary. 
1. Right Ascension (Comparison)-Columns 44 Through 49 
This field is used to record the observed minus com- 
puted (0 - C) data which is given along with the obser- 
vation. It is based upon the comparison ephemeris used 
by the publisher of the data. 
The decimal point is implied between columns 46 
and 47. 
J. Declination-Columns 51 Through 59 
The declination is recorded in degrees, minutes, and 
seconds of arc. Three columns are provided for a sign 
plus two significant figures of degrees. Two columns are 
provided for minutes and four columns for seconds. The 
decimal point is implied between the second and third 
column of the seconds. 
K. Declination (Comparison)-Columns 61 Through 65 
This field contains the declination comparison. A sign 
is placed in column 61, and the decimal point is implied 
between columns 63 and 64. The notes on the right 
ascension comparison also hold for this field. 
1. Year-Columns 73 Through 76 
The calendar year of the observation is recorded here 
for quick reference. 
M. Source Number-Columns 77 Through 80 
A source number provided by the agency punching the 
cards is recorded. This allows the origin of the data cards 
to be traced. The convention adopted is to precede the 
source number with a D for Dahlgren (NWL)-punched 
cards, a J for JPL, and U for USNO. 
111. Radar Card 
The radar data card is shown in the Appendix (Fig. A-2). 
A. Planet Number-Columns 1 Through 4 
The codes for the radar card are identical to those used 
in the optical card. 
JPL TECHNICAL REPORT 32- 1296 9 
B. Julian Date-Columns 5 Through 21 
The time tags associated with a radar observation must 
be given to the full accuracy. The Julian date must have 
at least 8 decimal digits. 
C. Observatory Codes-Columns 22 Through 24 and 
26 Through 28 
The radar card observatory codes are listed in Table 6. 
These two fields on the card contain a code identifying 
the site where the data were taken. The first field is used 
when a single antenna both transmits the signal and re- 
ceives the echo. The second field is necessary when two 
sites are used to obtain the range point. The first field 
contains the code which refers to the transmitter and the 
second contains the code which refers to the receiver 
location. 
Column 25, which is located between the two fields, 
has two codes which differentiate between mono-static 




















E. Range-Columns 30 Through 42 
The two-way range delay to the respective planets is 
recorded in microseconds. A decimal point is implied 
between columns 41 and 42. 
Table 6. Radar transmitter and receiver codes 
Name 
Cornell University Arecibo 
Ionospheric Observatory 
California Institute of Technology 
(JPL) 1961 data' 
1961 data' 
California Institute of Technology 
(JPL) Venus Site-DSS 13d 
210-ft Mars Site-DSS 14" 
Lincoln Laboratories-Massochv- 
setts Institute of Technology 
Haystack site 
Lincoln Laboratories-Massachu- 
setts Institute of Technology 
Millstone radar 





















































aGeocentric coordinates computed using the following valuer; p = 6378.165 km, l/f = 298.3. 
"Antenna implies that this location was both a transmitter and a receiver. 
cMuhlemon, D. O., Lawson. C. L., Holdridge, D. B., O'Hondley, 0. A,, IPL  Rodar Range and Doppler Observafions of Venus, 196r-7966, p. 4. Technical Report 32-1121 
dJPL toordinotes for Goldstone: DSS 13 and DSS 14, Joy Curtright, May 1. 1968. 
eMossachusetts Institute of Technology, Lincoln Laboratory, Site Positions, Millstone, Haystack and Arecibo Radio Observatories, May 28, 1968. 
Jet Propulsion Laboratory, Pasadena, Calif. 
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This range measurement is recorded exactly as pub- 
lished. The units of time delay may therefore be reeorded 
in Universal Time seconds (nonuniform) or Atomic Time 
seconds (uniform). 
F. Standard Deviation (Rangel-Columns 43 Through 47 
The quoted standard deviation of the observation is 
recorded in microseconds. The decimal point is implied 
between columns 46 and 47. 
G. Observations-Column 48 
The following coded information is listed in column 48: 
Code I Observations 
Range 
Doppler 
Range and Doppler 
Range difference 
This code is used to differentiate the types of radar obser- 
vation recorded on the radar card. 
H. Doppler-Columns 49 Through 57 
This field is distinct from the range field because it is 
possible to have both range and Doppler measurements 
for the same epoch. The unit of measurement used is 
hertz. The decimal point is implied between columns 56 
and 57. 
1. Standard Deviation (Doppler)-Columns 58 Through 62 
The standard deviation of the Doppler (in hertz), is 
taken from the publication or manuscript and recorded 
in this field. The decimal point is implied between columns 
60 and 61. 
J. Frequency Offret-Columns 63 Through 66 
This field contains the frequency offset from the basic 
atomic frequency of cesium 133. The frequency offset 
is made to maintain the Atomic Time scale as close as 
possible to the Universal Time scale, which is based upon 
the rotation of the earth. Although the offsets are inter- 
nationally agreed upon and take effect at Oh, the begin- 
ning of the new year, the various radar sites may elect 
to maintain a given frequency for a period of time beyond 
the official date. 
In some cases the frequency offset may not even be that 
which was internationally agreed upon. This correction 
must be made to a range value so as to make the units of 
time uniform (AT). 
K. Frequency-Columns 67Through 72 
hertz. The data are right-justified in the field. 
The frequency of the transmitter is recorded in mega- 
1. Year-Columns 73 Through 76 
quick reference. 
The calendar year of observation is recorded herein for 
M. Source Number-Columns 77 Through 80 
The basis for the data in this field is the same as for 
the optical card. The list of source codes for JPL-punched 















Table 7. Source codes for JPL-punched 
radar observations 
Source 
Pettengill, G. H., Dyce, R. E., and Campbell, D. E., “Rodar 
Measurements at 70 cm of Venus and Mercury.” Astron. 
J., Vol. 72, No. 3, 1967 
Private communication, Gold, T., and Crawford, D., Cornell 
University, Sept. 20, 1967. 
Lawson, C. 1.. and Holdridge, D. B., Compression of JPL 
Venus Radar Data, Technical Memorandum 155, Section 
314, Computation and Analysis Section, Jet Propulsion 
Laboratory, Pasadena, Calif., Feb. 3, 1967 
Evans, et al., ”Radio Echo Observations of Venus and Mer- 
cury at 23 cm Wavelengths,” Astron. J., Vol. 70, No. 7, 
1965 
Dyce, R. E., and Pettengill, G. H., “Radar Observations of 
Mars and Jupiter at 70 cm,” Astron. J., Vol. 72, No. 6, 
1 967 
Evans, et ol., “Radar Observations of Venus at 23 cm in 
1965/1966,” Astron. J., Vol. 71, No. 9, 1966 
Private communication, Millstone, Smith, W., Lincoln Labora- 
tory with Melbourne, W. G., JPL, Oct. 1967. 
Private communication, Haystack, Smith, W., Lincoln Labora- 
tory with Melbourne, W. G., JPL, Oct. 1967. 
O’Handley, D. A., Reconstructed Data Preliminary, Technical 
Manual 31 1-39, Jet Propulsion laboratory, Pasadena, 
Calif. 
Mars-Private communication, W. B. Smith /listing of Shapiro 
Mercury-Private communication, R. Goldstein, March 11, 
1968 
Venus-Old observations 
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IV. Modified Card Format 
The modified card format shown in the Appendix 
(Fig. A-3) is identical to the format of the optical card 
with the following exceptions. 
A. Modified Card Format-Columns 44 Through 49 
and 61 Through 65 
These columns contain the (0 - C) residuals of the 
observations compared with Mercury ephemeris used at 
the USNO. The first field is right ascension and the second 
is declination. 
B. Modified Card Format-Columns 66 Through 67 
and 68 Through 69 
The weights for right ascension and 
assigned by Prof. G. M. Clemence, are 
fields, respectively. If the weights were fractional, asterisks 
are stored in the columns. 
At present, the source nqnbers (columns 77 through 
80) of these Mercury observations are assigned the code 
UOOl . 
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March 8, 1963-July 2, 1964, Circular No. 105, U.S. Naval Observatory, 
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8. Observations of the Sun, Moon, and Planets; Six-Inch Transit Circle Results, 
July 7, 196PDec. 24, 1964, Circular No. 108, U.S. Naval Observatory, Wash- 
ington, D.C., July 1, 1965. 
9. Observations of the Sun, Moon, and Planets; Six-lnch Transit Circle Results, 
Jan. 11,1965-April 11,1966, Circular No. 115, U.S. Naval Observatory, Wash- 
ington, D.C., Feb. 1,1967. 
10. Observations of the Sun, Moon, and Planets; Six-lnch Transit Circle Results, 
May 29,1966-July IO, 1967, Circular No. 118, U.S. Naval Observatory, Wash- 
ington, D.C., Jan. 5, 1967. 
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Appendix 
Card Bibles 








lo-:  E- 
O 













4 0 - e -  
9 
- 0  
8-- 











- 0  
0 
0 
80 - x 
REMARKS 
PLANET NUMBER 


















Fig. A-1 . Optical card-revision 2 
































- 0  
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60 - i  
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7 0 - i  
8 
8 
- 0  
0 
80 - 0  
REMARKS 
- PLANET NUMBER 
- JULIAN DATE (UT) 
--TRANSMITTER AND/OR RECEIVER CODE 
- CODE 1 
- RECEIVER 
- TYPE OF OBSERVATION 
- RANGE (MICROSECONDS) 
-STANDARD DEVIATION RANGE 
- OBSERVATIONS ON CARD 
- DOPPLER 
- STANDARD DEVIATION DOPPLER 
- FREQUENCY OFFSET (RANGE - UT TO A l )  
- FREQUENCY 
- YEAR 
- SOURCE NUMBER 
Fig. A-2. Radar data card-revision 3 
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0- - 
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THE FIELDS BETWEEN THE DOTTED 
LINES CONTAIN THE QUANTITIES 
WHICH DIFFER FROM THE STANDARD 
FORMAT 
RIGHT ASCENSION (0-C) 
DECLINATION ( 0 - C )  
WEIGHT R.A. 
WEIGHT DEC 
THE WEIGHTS ARE THOSE ASSIGNED 
BY CLEMENCE. IF THE WEIGHTS 
WERE FRACTIONAL ASTERISKS ARE 
STORED IN THE COLUMNS 
Fig. A-3. Optical card for USNO Mercury optical observations-revision 2 (modified) 
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